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the work reported in this paper, and the relationship among
desiccation sensitivity of axes, changes in cell ultrastructure of
axes and activities of superoxide dismutase (SOD), ascorbate
peroxidase (APX), catalase (CAT), glutathione reductase (GR)
and dehydroascorbate reductase (DHAR), and the content of
TBA (thiobarbituric acid)-reactive products in axes and
washed mitochondria were studied. Desiccation tolerance of
axes was gradually lost with dehydration, and desiccation
tolerance of epicotyls was larger than that of radicles. The
seed water content at which 50% of epicotyl and radical were
killed by dehydration was about 0.58 and 0.66 g/g (dry weight
base, dwb), respectively. At this water content level, cell
ultrastructure of axes show damage. All of the epicotyls and
radicals were killed by dehydration at 0.26 and 0.48 g/g (dwb)
water content levels, respectively. Cytochrome c oxidase
(CCO) activities of washed mitochondria from axes increased
during the initial phase of dehydration, and then notably
decreased. Latencies of CCO activities of washed mitochon-
dria were about 93%–97%. Activities of SOD, APX, CAT,
GR, DHAR of axes and washed mitochondria increased at
initial phase of dehydration, and then decreased rapidly. These
five enzyme activities were more sensitive to dehydration in
washed mitochondria than in the axes, and the content of
TBA-reactive products in axes and washed mitochondria
dramatically increased with dehydration of axes. These results
showed that A. toxicaria seed is a typical recalcitrant seed;
that loss of desiccation tolerance in axes was a quantitative
feature; and that antioxidant enzyme activities in mitochondria
could be one of the more sensitive parameters for study of
seed recalcitrance.
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We have built a suite of tools to study the molecular basis of
desiccation tolerance in the poikilochlorophyllous resurrection
plant Xerophyta humilis. Normalized cDNA libraries have been
constructed from desiccating roots and leaves, and rehydrating
roots and leaves, and were used as a source of cDNA clones for
spotting onto glass slides for microarray analysis. Many of the
assumptions used in the normalization of data within and between
microarray slides do not hold for the analysis of custom-made
slides that do not have the full complement of an organism's
cDNAs. We have made use of specific algorithms within R
(Bioconductor) to correct for spatial bias inmicroarray data and to
equilibrate data between slides, prior to using clustering to
identify different cohorts of genes which show similar patterns of
mRNA transcript abundance. Cluster analysis was also used to
determine the similarity between experimental samples on the
basis of mRNA transcript profiles. cDNAs which showed
significant changes in mRNA transcript abundance were
subsequently sequenced, and annotated using pæano ( pipeline
for the annotation and expression analysis of non-model organ-
isms). The annotated results from pæano can be exported to
BASE (BioArray Software Environment), and used to interpret
the biological significance of specific cDNAs showing signifi-
cantly different fluxes in mRNA abundance during desiccation in
X. humilis. Furthermore, pæano collates information on the
expression of mRNA transcript abundance of cognate ortholo-
gues from other plants under a variety of developmental and
physiological conditions. The suite of tools that we have collated
for the interpretation of molecular analysis of desiccation
tolerance inX. humilis, can be extended to the study of desiccation
tolerance in other non-model plants.
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Poikilochlorophyllous resurrection plants reversibly shut
down photosynthesis during drying to avoid the generation of
ROS by components of the photosynthetic electron transport
chain. Upon desiccation, Xerophyta species dismantle thylakoid
membranes, breakdown chlorophyll and down-regulate the
expression of photosystem II (PSII) and photosystem I (PSI)
genes. However, when water again becomes available these
plants are able to recover full photosynthetic efficiency within
48 h. We carried out detailed time course experiments to look at
recovery of photosynthesis in X. humilis, examining chloroplast
ultrastructure, PSII mRNA and protein levels, chlorophyll
content and PSII quantum yield in plants rehydrated in the
presence or absence of light. PSII yield increased rapidly in
plants rehydrated in the light, reaching values obtained from
control plants within 36 h. In contrast, PSII yield in plants
rehydrated in the dark showed only a modest recovery (30% of
control plant values). Water appears to be the primary signal for
transcription and translation of PSII components, as patterns of
expression were broadly similar between plants rehydrated in
the light and dark. However, light is required for the full
reassembly of thylakoid membranes and no grana were
observed in plants rehydrated in the dark. In addition,
chlorophyll content did not increase in the absence of light,
nor was there detectable expression of the chlorophyll binding
protein lchb2. Thus there appear to be separate light- and water-
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